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The purpose of this study was to measure the number of contributions and highlight the 
contributions made by the researchers in the field of ICT (Information and Communication 
Technology) and published on the Web of Science database during 2016-2020 using 
scientometric analysis. Data were interpreted by using software such as Bibexcel, Vosviewer, 
and tabulated using MS Excel. The results indicated that 8103 papers were published during 
2016 - 2020 and the highest number of publications 2067 (25.51%) was produced in 2020. The 
trends in multi-authored papers have tremendously increased (90.40%) compared to (09.60%) 
single-authored papers. The relative growth rate (0.84) and degree of collaboration (0.90) is 
noted significantly and the highest no of papers (21.09%) was contributed by the collaboration of 
three authors and source wise most of the records were published an article 7421. It also noted 
that the value of the highest degree of collaboration was (0.91) in 2020. The Wang Y author (45) 
contributed more numbers of papers in the domain of ICT with China (1457) being the country 
producing more research papers followed by USA, the Spain, and the UK. More than 500 papers 
had been published in ICT, Information, and Technology. The study inferred that the rate of 
growth is relation by the year wise publications of ICT research. 
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Information and Communication Technology 
Information and communications technology (ICT) is an extensional term for information 
technology (IT) that stresses the role of unified communications and the integration 
of telecommunications (telephone lines and wireless signals) and computers, as well as 
necessary enterprise software, middleware, storage and audiovisual, that enable users to access, 
store, transmit, and manipulate information. 
The term ICT is also used to refer to the convergence of audiovisual and telephone 
networks with computer networks through a single cabling or link system. There are large 
economic incentives to merge the telephone network with the computer network system using a 
single unified system of cabling, signal distribution, and management. ICT is an umbrella term 
that includes any communication device, encompassing radio, television, cell phones, computer 
and network hardware, satellite systems and so on, as well as the various services and appliances 
with them such as video conferencing and distance learning. 
ICT is a broad subject and the concepts are evolving. It covers any product that will store, 
retrieve, manipulate, transmit, or receive information electronically in a digital form (e.g., 
personal computers, digital television, email, or robots). Skills Framework for the Information 
Age is one of many models for describing and managing competencies for ICT professionals for 
the 21st century. 
Review 
Kaur, A., & Sood, S. K. (2020) evaluated this study was disasters are cataclysmic events that 
cause significant loss of natural, human and financial resources. The repercussions are 
exaggerated by climate change making disaster management a hot topic for academic research. 
The exponential growth in the utilization of ICT (Information and Communication Technology) 
with other domains has motivated the scientific community to integrate it with disaster 
management. The aim of this paper is to put forward a scientometric examination to assess the 
corpus of research performed on various types of disasters and use of ICT over the last 10 years. 
Annual growth of publication output, related subject categories, productivity analysis parameters 
were calculated for the evaluation of scopus bibliographic data. Moreover, it presents insights 
into productive journals, co-operation of qualified authors and collaboration of nations from all 
over the world. It further investigates prominent institutes and co-occurrence of key research 
topics. This organized study will facilitate the upcoming authors for effective future research. 
Sood, S. K., & Rawat, K. S. (2021) has provided the study extensive insight into the publication 
growth, citation analysis, collaboration, and keyword co-occurrence analysis for technological 
trends of the ICT-assisted disaster management research. In recent years, natural and manmade 
disasters such as floods, earthquakes, wildfires, and tsunamis have occurred with human losses 
and environmental deterioration. The promising technologies of Internet communication 
technology (ICT), like the Internet of things, cloud computing, and data analytics, can assist 
various phases of disaster management. Moreover, the role of higher education spans all stages 
of disaster management: preparedness, response, and recovery. As educational and research 
contributions, higher educational institutes are essentially involved in all the disaster 
management stages to contribute to society broadly. Henceforth, the scientific analysis of 
disaster management literature is required to analyze the overall structure and developments in 
this domain. This study presents a scientometric analysis that evaluates the ICT-assisted disaster 
management research over the last 15 years (2005–2020). It presents various empirical ways to 
analyze the evolution, status, and result of ICT-assisted in disaster management research. It 
identifies key journals, countries, and organizations that significantly contributed to this research 
domain. Overall, their study presents various patterns, research trends, and collaborations as the 
basic structure for future research in this field. 
Zheng, C., Yuan, J., Zhu, L., Zhang, Y., & Shao, Q. (2020) examine this paper conducts a 
scientometric review of the progressively synthesized network derived from 7840 bibliographic 
records from a topic search on SC in the period 1990–2019. Using CiteSpace, co-occurrence 
analysis of categories is conducted to explore the evolution of the disciplines engaged in SC 
research; co-word analysis of the keywords and document co-citation analysis associated with 
cluster analysis are further performed to reveal the development paths and research topics in 
terms of burst terms, text and citation-based clusters, citation structure, and pivotal points in the 
field. These scientometric techniques are combined to: (1) reveal the intellectual division of this 
developing field using a visual and comprehensive approach, (2) identify in chronological order 
the 10 core research sub-topics in this area with burst references and terms, (3) identify Internet 
of Things, big data, and fog computing as the most promising technologies for SC planning and 
development, and (4) conclude that smart sustainable cities and sustainable smart cities are the 
two emerging trends in the domain. Overall, their paper provides a visual, quantitative, and 
longitudinal large-scale review of the most recent literature on SC research, providing a broad 
overview and system thinking for researchers and practitioners with respect to SC. 
Yalcin, H., Shi, W., & Rahman, Z. (2020) evaluated this paper aims to provide the most up-to-
date review of supply chain management (SCM) publications through the use of scientometric 
analysis by reviewing studies published between the years 1998 to 2017. Global contributions in 
the field of SCM are well illustrated by identifying top productive journals, scholars, institutions, 
and countries. To clearly identify prevailing and recent research trends and topics in the field, the 
papers reviewed were categorized into three stages based on the timeline and increasing rate of 
publications. In each stage, core research topics and research methods were explored. The results 
of this study show that out of 13477 research outputs, the highest percentage of 59.38% are 
research articles, and the lowest percentage of 0.33% are books. The majority of 2389 publications 
originated from the United States, followed by 2256 from China. They observed a general increase 
in the number of publication records in SCM over the years. The areas of current research interests 
and future research needs in the SCM area are also identified. 
Rai, S., Singh, K., & Varma, A. K. (2019) has described this study, quantitative analysis of the 
Global research trends in cyber security. Some works related to scientometrics of ‘deception, 
counter-deception in cyberspace’ had been published in 2011, but they have focused on ‘cyber 
security’ as the topic of research. For analysis they have utilized the published data available in 
Scopus database, which is directly related to ‘cyber security’. The data of 2720 documents 
published on ‘cyber security’ for the period of 2001-2018, have been retrieved from the Scopus 
database. They have calculated and tabulated various quantitative indicators from the data; then, 
they have plotted different graphs for these indicators to understand the growth pattern, 
collaborations, citations, authorship, country-wise contributions, funding, affiliations etc. They 
found that the United States of America has the highest number of publications in the area of 
cyber security research followed by the United Kingdom, China, and India. It can be seen as a 
result of the fact that among the top 15 funding agencies eight funding agencies are from the 
USA only. Contrary to this, India is the fourth highest contributor in cyber security research with 
comparatively meager funding. They have also discussed how collaboration has grown over the 
years with the publication growth and citation growth. They have also found that Cyber security 
has a growing trend of collaboration in research.  
OBJECTIVES 
 
1. To find the Year-wise distribution of articles. 
2. To study the pattern of growth of publications during the period. 
3. To find out the document type of the publications. 
4. To analyze the authorship pattern, degree of collaboration. 
5. Relative growth rate and doubling time. 




The data had been collected from the web of science database using the following search 
string retrieved on 12-April-2021. Topic: ICT. Period: 2016-2021. The total number of articles 
retrieved was 8103. The retrieved articles were analyzed using Bibexcel software. Further 
analysis was done using MS Excel and VOS Viewer software. 
 
Table: 1 Year-wise distribution of publications 





1 2016 1275 1275 15.73 
2 2017 1412 2687 17.43 
3 2018 1568 4255 19.35 
4 2019 1781 6036 21.98 
5 2020 2067 8103 25.51 
  8103  100 
 
Table 1 shows the distribution of articles published on ICT research during 2016-2020 (5 
years) inclusive of 2016 and 2020. It can be observed that from 2016 to 2020, there was a 
frequent change of increase in the publications. The maximum number of articles was published 
in 2020 with 2067 (25.51%) records, the next highest publication could be observed in the year 
2019 with 1781 (21.98%) records. The least number of articles was observed in the year 2016 




Figure 1 Year-wise Distribution 
Table: 2 Year-wise distributions of publications with H-index  
Year Records Percentage 
H-
index 





2016 1275 15.73 60 20386 15.99 
2017 1412 17.43 52 19757 13.99 
2018 1568 19.35 43 15215 9.7 
2019 1781 21.98 29 9593 5.39 
2020 2067 25.51 19 4156 2.01 
 8103 100    
 
Table 2 shows the distribution of articles with H-index and citation published on ICT 
research during 2016-2020 (5 years). It can be observed that from 2016 to 2020, there was a 
frequent change of decrease in the H-index and Citations. The maximum number of H-index 
(60), and Citation (20386) was published in 2016 with 1275 (15.73%) records, the next highest 
H-index (52), and citation with 19757 times could be observed in the year 2017 with 1412 
(17.43%) records. The least number of H-index (19), and citation with 4156 was observed in the 


























Mean Dt(a) Mean 






2017 1412 2687 7.25 7.89 0.64 1.08 
2018 1568 4255 7.35 8.35 1 0.69 
2019 1781 6036 7.48 8.7 1.22 0.56 
2020 2067 8103 7.63 8.99 1.36 0.50 
 8103        
 
Table 3 depicts that Relative Growth Rate and Doubling Time of total publications. 
Though the publication had grown from 2016 (1275 records) to 2020 (2067 records), the relative 
growth rate was 0.64 in 2017 which increased up to 1.36 in 2020. A mean relative growth rate of 
0.84 could be deduced for the study period. The mean doubling time during the period 2016-
2020 was 0.56 and it was decreased from 1.08 in 2017 to 0.50 in 2020. The overall mean 
doubling time was 0.56. 
*R (1-2) = Mean Relative Growth Rate over the Specified Period interval; 
*W1= log w1 (Natural log of the initial number of publications) 
*W2 = log w2 (Natural log of the initial number of publications) 
*T2-T1= the unit Difference between the initial time and final time. 
*R (a) = Relative Growth Rate per unit publication per unit of time (Year) 
 
Formula, 
Relative Growth Rate (1 – 2) =    
𝐖𝟐 – 𝐖𝟏
𝑻𝟐−𝑻𝟏





Table: 4 Annual Ratio of Growth & Annual Growth Rate 
Year Record ARoG AGR 
2016 1275 - - 
2017 1412 1.1 0.1 
2018 1568 1.11 0.11 
2019 1781 1.13 0.13 
2020 2067 1.16 0.16 
 8103   
Table 4 reveals annual ratio of growth & annual growth rate was observed during the 
study period. It is found that the future trend of growth in the study ICT research output may take 
increasing trend year by year. 
Table: 5 Single Authors versus Multi-Authors 
S.No Authors Publications Percentage 
1 Single Authors 778 9.60 
2 Multi Authors 7325 90.40 
Total  8103 100 
 
`Table 5 shows the contributions of a single author and multiple authors of ICT research 
during the period 2016-2020. Single authors had contributed 778 (09.60%) publications and 
multiple authors had contributed 7325 (90.40%) publications out of 8103 publications. Hence, it 
was inferred that the majority of the articles were published by multiple authors. 
 
 
Figure 2 Single Authors Vs Multi Authors 
 
Table: 6 Year-wise Authorship Pattern 
Year 1* 2* 3* 4* 5* 6* 7* 8* 9* 10* 10+* Total 
2016 156 271 290 159 119 87 60 48 26 19 40 1275 
2017 150 280 299 216 129 103 56 55 44 28 52 1412 
2018 143 322 305 233 177 122 87 62 48 32 37 1568 
2019 163 346 366 269 189 148 85 70 50 36 59 1781 
2020 166 356 460 362 203 171 102 72 54 30 91 2067 
 778 1575 1720 1239 817 631 390 307 222 145 279 8103 
 





6* - Six Authors, 7* - Seven Authors, 8* - Eight Authors, 9* - Nine Authors, 10* - Ten Authors, 
10+* - Above Ten Authors 
Table 6 shows the authorship pattern of publications by year based on collaborative research. 
Table: 7 Degree of Collaboration and Rate of Single Authorship 
Year NS* NM* NM+NS DC=NM/NM+NS RSA 
2016 156 1119 1275 0.87 0.14 
2017 150 1262 1412 0.89 0.12 
2018 143 1425 1568 0.90 0.10 
2019 163 1618 1781 0.90 0.10 
2020 166 1901 2067 0.91 0.09 
Total 778 7325 8103 0.90 0.11 
 
Table 7 amounts to calculate the degree of collaboration in ICT research by using the 
formula given by (K. Subramanyam, 1982) which was,  
DC = NM/NS+NS  
Where,  
            DC* - Degree of Collaboration, NM* - No. of multi-authored papers 
            NS* - No. of single-authored papers, RSA* - Rate of Single Authorship 
The degree of collaboration varied from 0.87 to 0.91 for the duration of the study. The average 
mean Value was 0.90 suggesting the increase of collaborative research in ICT. 
Table: 8 Authorship Pattern 
S.No Authors Publications Percentage 
1 One Authors 778 9.6 
2 Two Authors 1575 19.44 
3 Three Authors 1720 21.23 
4 Four Authors 1239 15.29 
5 Five Authors 817 10.08 
6 Six Authors 631 7.79 
7 Seven Authors 390 4.81 
8 Eight Authors 307 3.79 
9 Nine Authors 222 2.74 





Total  8103 100% 
  
Table 8 shows the authorship pattern in ICT research during 2016-2020. The utmost 
number of papers (1720) had been brought out by the collaborative work of three authors 
followed by two authors (1575), four author (1239), five authors (817), one authors (778), six 
authors (631), seven authors (390), eight authors (307), more than ten authors (279), nine authors 
(222) and the least with the collaborative work of ten authors (145) records. 
 












Article 69 7667 60035 7421 
Review 40 5073 8430 430 
Editorial 
Material 
11 301 577 124 
Meeting Abstract 2 11 18 107 
Book Review 1 1 1 9 
Letter 1 2 2 2 
Correction 1 1 1 7 
Reprint 0 0 0 1 
News Item 0 0 0 2 
 
Table 9 reveals the type of document with H-index and citation used for publication 
during the period 2016-2020. It could be seen that most of the publications were in Articles with 
7421 with H-index 69 and citation 60035, followed by Review 430with index 40 and citation 
8430, Editorial Material 124 with index 11 and citation 577, Meeting Abstract 107 with index 2 
and citation 18, Book Review 9 with index 1 and citation 1, Letter 2 with index 1 and citation 2 
and so on. 
 
 
Figure 3 Document wise Distribution 
 
 
Table: 10 Most Prolific Authors wise Distribution (Top 20 Only) 
S.No Author Records S.No Author Records 
1 Wang Y 45 11 Chen Y 24 
2 Sekar N 34 12 Zhang H 23 
3 Asongu SA 34 13 Li J 23 
4 Kim S 33 14 Park S 22 
5 Li Y 30 15 Lee JH 21 
6 Liu Y 29 16 Wang X 21 
7 Zhang Y 29 17 Yang L 20 
8 Kim J 28 18 Liu XL 20 
9 Lee S 26 19 Zhang L 20 
10 Zhang C 25 20 Yang Y 20 
 
The top 20 prolific authors were recognized in ICT research. They had published 20 or 
more papers during 2016-2020. The identified 10 authors had brought about 527 (06.50%) 
papers. Wang Y person became the most productive author and most citation who contributed 45 
articles, followed by Sekar N 34 Articles, followed by Asongu SA with 34 articles, Kim S 33 







9 2 7 1
2
Table: 11 Keyword wise distributions of Publications (Top 20 Only) 
S.No Keyword Record S.No Keyword Record 
1 ICT 742 11 Innovation 262 
2 Information 516 12 Education 259 
3 Technology 500 13 Derivatives 244 
4 Impact 447 14 Systems 242 
5 Performance 411 15 Framework 241 
6 Design 380 16 Knowledge 216 
7 Internet 373 17 Adoption 215 
8 Management 363 18 Sensor 214 







263 20 Challenges 162 
 
Table 11 indicates the major keywords used in ICT research articles. And top 20 
keywords were taken for calculating Zipf’s law. Zipf’s law had given the relationship between 
the rank of a word and frequency of its appearance in a sentence or passage. 
 
r*f = c 
 




































Figure 5 Visualization map of keyword occurrence 
 
Table: 12 Country-wise distributions of publications (Top 20 Only) 
S.No Country Records S.No Country Records 
1 China 1457 11 Netherlands 305 
2 USA 1023 12 France 254 
3 Spain 787 13 Sweden 238 
4 UK 663 14 Canada 214 
5 India 622 15 Turkey 178 
6 Italy 496 16 Finland 154 
7 South Korea 452 17 Belgium 152 
8 Germany 419 18 South Africa 151 
9 Australia 346 19 Taiwan 151 
10 Japan 342 20 Norway 149 
 
Table 12 gives the distribution of ICT publications by the country during 2016- 2020. 
China had ranked top among the countries in terms of publications with 1457 records, followed 
by USA with 1023 records, Spain with 787 records, UK with 663 publications. India had 
contributed 622 and ranks 5th in the top 20 countries. 
 
 
Figure 6 Visualization map of country 
 
Table: 13 Language wise distributions 
 
S.No Language Records S.No Language Records 
1 English 7894 10 Italian 5 
2 Spanish 97 11 Czech 2 
3 German 27 12 Croatian 2 
4 Chinese 19 13 Turkish 1 
5 Japanese 16 14 Slovene 1 
6 Hungarian 12 15 Norwegian 1 
7 French 11 16 Malay 1 
8 Portuguese 6 17 Dutch 1 
9 Russian 6 18 Polish 1 
 
Table 13 depicts the language-wise (18 languages) distribution in ICT research. It was 
clearly evident that English was the most preferred language for research publication in most of 
countries. Majority of the papers were in the English language 7894, followed by Spanish 97, 
German 27, Chinese 19, and Japanese 16 and so on. 
 





X X2 XY 
2016 1275 -2 4 -2550 
2017 1412 -1 1 -1412 
2018 1568 0 0 0 
2019 1781 1 1 1781 
2020 2067 2 4 4134 
 8103  10 1953 
 
Straight line equation:  
Yc = a+bX 
Since ∑X=0 
a= ∑Y/N= 8103/5 = 1620.6 
b= ∑XY/∑X2 = 1953/10 = 195.3 
Estimated literature in 2028 is when X = 2020 – 2030 =10 
 = 1620.6 + (195.3 x 10) = 3573.6 
Estimated literature in 2033 is when X = 2035 – 2020 =15 
 = 1620.6 + (195.3 x 15) = 4550.1 
On the application of the formula of time series analysis and subsequently, from the 
results obtained separately for the years 2030 and 2035, it is found that the future trend of growth 
in the study ICT research output may take increasing trend during the years to come. The 








Table: 15 Activity Index in India 
 





2016 1275 95 103.01 
2017 1412 94 115.28 
2018 1568 117 102.87 
2019 1781 135 101.24 
2020 2067 181 87.65 
 8103 622  
 
Activity Index is the ratio of the country’s share in the worlds publication output in the given 
field to the country’s share in world’s publication output in all fields. 
Mathematically, activity index has identified by the following formula as 





] ∗ 𝟏𝟎𝟎 
Where, 
➢ Ci is the number of publications of the specific country in the “i” th block 
➢ Co is the total number of pubs of the specific country during the period of study 
➢ Wi is the number of publications of all countries in the “i” th block 
➢ Wo is the number of publications of all the countries during the period of study. 
If the Activity index is =100 indicates that a country’s research effort in the given field 
corresponds precisely to the world average, 
If the activity index is > 100 reflects higher than average activity 
If the activity index is < 100 indicates lower than average activity. 
For Example, 
1275/8103 / 95/622 * 100 = 0.1573/0.1527*100 = 103.01 
Above the table shows the activity index of India during the period 2016 - 2020. In India 
most number of publication published in the year 2020 with 181 records and the highest activity 
index value is 115.28 in the year 2017 and the lowest activity index contributed in the year of 
2020 (87.65) in India. 
 
Findings and Conclusion 
 
❖ It was computed the year wise distribution of contributions and out of 8103 articles, the 
highest  25.51% of  papers were published in 2020 and The lowest number 1275 
(15.73%) papers were published in 2016. 
❖ The findings of relative growth and doubling time for research publications of scientists 
reveal the following facts, the relative growth rate of publications has shown an 
increasing trend from the started value is 0.64 to 1.36 and the average value is 0.84, the 
doubling time of publications have decreased value started from 1.08 to 0.50 and the 
average value is 0.56. 
❖ Single authors formed 9.60% of the total research output, while the multiple authors 
formed 90.40%. Multiple Authors have a score of 7325 records, and Single Author has 
778 records. 
❖ Out of 8103 research papers, the majority of articles 460 were contributed by three 
authors in the year 2020 which is got in the first rank, and the minimum numbers of 
research outputs 19 were contributed by the ten authors in the least rank in the year 2016.  
❖ The degree of collaboration ranges from 0.87 to 0.91 and the average degree of 
collaboration is 0.90 and average ratio of single authorship is 0.11. 
❖ Out Of the 8103 articles, the major proportion of 21.23% were contributed by three 
authors, and followed by two authors 19.44%, minimum number of authors contributed 
by ten authors (1.79%) were contributed during 2016-2020. 
❖ The finding of documentation with citation and H-index, article (7421) is the most cited 
(60035) documents with having 69 H-index in ICT research output during the period 
2016-2020. 
❖ Among the most prolific authors, “Wang Y” have contributed highest number of articles 
and also identified as the most productive author of the ICT research output during 2016-
2020. 
❖ It was observed keyword analysis literature output on ICT research during the period of 
study. In this regard, the prime keyword observed in the study is “ICT” (742) publication 
of research papers. It is occupied in the first position.  
❖ The findings of countries with ICT research output, China were contributed more number 
of articles (1457) published. 
❖ In the analysis of language wise resorted, English language is the most preferred 
language in this study, 7894 records published in English language. 
❖ The results found that the estimated future growth increased as 1815.9 (2018), 3573.6 
(2030) and 4550.1 (2035), it clearly explains the progressive trend continued up to 
estimated year. It is inferred that the rate of growth is relation by the year wise 
publications of ICT research. 
❖ During the study period of five years, the activity index of India value is more than 100 
during the period of 2016, 2017, 2018 and 2019 with the activity index values of 103.01, 
115.28, 102.87 and 101.24 respectively. In the year 2020 had the lower level of 
productivity in ICT publications. 
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